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ABSTRACT 
T h i s  s t u d y  e s t i m a t e d  t h e  m a r k e t  p e n e t r a t i o n  
f o r  r e s i d e n t i a l  c o o l  s t o r a g e  t e c h n o l o g y  u s i n g  
economic c o s t  modeling.  R e s i d e n t i a l  c o o l  s t o r a g e  
u n i t s  p roduce  a n d  store c h i l l  d u r i n g  o f f - p e a k  
p e r i o d s  o f  t h e  day t o  be used  d u r i n g  t i m e s  of  
peak e l e c t r i c  power needs .  T h i s  paper  p r o v i d e s  
p r o j e c t i o n s  o f  u n i t  sales e x p e c t e d  i n  5-year i n t e r -  
v a l s  f o r  t h e  y e a r s  1995 ,  2000,  2005,  and 2010,  
Such p r o j e c t i o n s  h e l p  t o  d e t e r m i n e  t h e  maximum 
amount o f  e n e r g y  t h a t  c o u l d  be  d i s p l a c e d  by t h i s  
t echnology  i n  t h e  f u t u r e .  
T h i s  s t u d y  a l s o  found  t h a t  p r i c e  i n c e n t i v e s  
o f f e r e d  t o  h o u s e h o l d s  must be  v a r i e d  d r a m a t i c a l l y  
by r e g i o n  f o r  r e s i d e n t i a l  c o o l  s t o r a g e  s y s t e m s  t o  
be e c o n o m i c a l l y  c o m p e t i t i v e  r e l a t i v e  t o  c o n v e n t i o n a l  
s y s t e m s .  Under t h e  most  l i k e l y  s c e n a r i o ,  t h i s  
a n a l y s i s  e s t i m a t e d  t h a t  r e s i d e n t i a l  c o o l  s t o r a g e  
u n i t s  w i l l  e v e n t u a l l y  c a p t u r e  a b o u t  one-half  o f  
t h e  c e n t r a l  a i r  c o n d i t i o n i n g  (A/C) marke t .  
INTRODUCTION 
T h e r e  a r e  w a r n i n g s  a b o u t  a  s e r i o u s  e l e c t r i c  
power s h o r t a g e  by t h e  mid-1990s (1, 2).  T h i s  s h o r t -  
a g e  is  e x p e c t e d  t o  o c c u r  d u r i n g  p e r i o d s  o f  peak 
e l e c t r i c  power u s e ,  which o c c u r  on h o t  summer 
d a y s  f o r  summer p e a k i n g  u t i l i t i e s .  C o o l  s t o r a g e  
t e c h n o l o g y ,  deve loped  f o r  b o t h  commercial  and  
r e s i d e n t i a l  a p p l i c a t i o n s ,  i s  o n e  s o l u t i o n  t o  m e e t i n g  
peak power needs .  Demand f o r  t h i s  t e c h n o l o g y  is 
d e r i v e d  f rom u t i l i t i e s '  h e s i t a n c y  t o  pay t h e  
e x t r e m e l y  h i g h - c a p a c i t y  c o s t s  ( p e r  kW) r e q u i r e d  t o  
g e n e r a t e  e l e c t r i c i t y  f o r  u s e  a t  peak p e r i o d s .  
T h i s  t e c h n o l o g y  d o e s  n o t  s a v e  e n e r g y - - i t  
mere ly  s h i f t s  i ts u s e  t o  a time when r e s i d e n t i a l ,  
commerc ia l ,  and  i n d u s t r i a l  demand f o r  e l e c t r i c i t y  
is low. T h i s  t e c h n o l o g y  p r o d u c e s  and s t o r e s  " c h i l l "  
d u r i n g  of f -peak  p e r i o d s  of  t h e  day  t o  be u s e d  
d u r i n g  times o f  peak electric power n e e d s .  Thus ,  
e x c e p t  f o r  t h e  e l e c t r i c i t y  used  t o  o p e r a t e  f a n s  
and r e c i r c u l a t i n g  pumps, a l l  electric power u s e  
is s h i f t e d  t o  l a te  e v e n i n g  o r  e a r l y  morning time 
p e r i o d s .  
The f o c u s  o f  t h i s  p a p e r ,  based  o n  a st 
conducted  f o r  t h e  U.S. Department o f  Energy w, 
is  c o o l  s t o r a g e  t e c h n o l o g y  f o r  t h e  r e s i d e n t i a l  
s i n g l e - f a m i l y  marke t .  Its o b j e c t i v e  is t o  estimate 
t h e  marke t  p o t e n t i a l  and  e x p e c t e d  m a r k e t  p e n e t r a t i o n  
o f  r e s i d e n t i a l  c o o l  s t o r a g e  t e c h n o l o g y .  T h i s  
paper  p r o v i d e s  e s t i m a t e s  o f  a c t u a l  u n i t  s a l e s  
e x p e c t e d  i n  t h e  y e a r s  1995 ,  2000,  2005,  and 2010. 
[See  a l s o  QLA I n c .  ( 3 ) . ]  
The demand f o r  r e s i d e n t i a l  c o o l  s t o r a e e  u n i t s  
is a d e r i v e d  demand. T h e r e  w i l l  b e  l i t t l e - o r  no  
i n t e r e s t  i n  t h i s  p r o d u c t  u n t i l  u t i l i t i e s  d e v i s e  
programs t o  e n c o u r a g e  i ts  u s e .  S e v e r a l  f a c t o r s  
have  been i d e n t i f i e d  t h a t  w i l l  i n f l u e n c e  t h e  u l t i -  
mate  m a r k e t  p e n e t r a t i o n  of  r e s i d e n t i a l  c o o l  s t o r a g e .  
Some o f  t h e s e  f a c t o r s  i n c l u d e  t h e  number o f  c o o l i n g -  
degree-days  i n  a n  a r e a ,  t h e  time-of-day (TOD) elec- 
t r i c i t y  r a t e s  c h a r g e d  t o  h o u s e h o l d s ,  p r i c e  r e b a t e s  
o f f e r e d  by u t i l i t i e s  t o  e n c o u r a g e  p u r c h a s e ,  and  
w h e t h e r  t h e  c o o l  s t o r a g e  u n i t  is b e i n g  i n s t a l l e d  
i n  a new o r  a n  e x i s t i n g  home. S e v e r a l  methods  
have  been d e v e l o p e d  t o  g e n e r a t e  m a r k e t  p e n e t r a t i o n  
e s t i m a t e s .  T h i s  s t u d y  w i l l  u s e  a few o f  t h e s e  
methods ( e . g . ,  h i s t o r i c a l  a n a l o g y  a n d  economic 
c o s t  models )  t o  d e v e l o p  a n  e s t i m a t e  o f  marke t  
p e n e t r a t i o n .  
P r o j e c t i o n s  a r e  a l s o  made a b o u t  t h e  e x p e c t e d  
p a t t e r n  of  d i f f u s i o n  o f  t h i s  t e c h n o l o g y  i n t o  t h e  
m a r k e t  p l a c e .  T h i s  w i l l  b e  a s c e r t a i n e d  based  on  
t h e  m a r k e t  p e n e t r a t i o n  p a t t e r n  o f  a s i m i l a r  p r o d u c t  
i n  t h e  marke t  p l a c e .  Of p a r t i c u l a r  i n t e r e s t  i s  t h e  
amount o f  t i m e  r e q u i r e d  t o  r e a c h  maximum m a r k e t  
p e n e t r a t i o n .  The d i f f u s i o n  p a t t e r n  o f  r e s i d e n t i a l  
c e n t r a l  a i r  c o n d i t i o n i n g  s y s t e m s  w i l l  p r o v i d e  t h e  
h i s t o r i c a l  a n a l o g y  f o r  r e s i d e n t i a l  c o o l  s t o r a g e  
u n i t s .  
ESTIMATION OF MARKET POTENTIAL 
Market  p o t e n t i a l  is t y p i c a l l y  d e f i n e d  as t h e  
t o t a l  number o f  consumers  who c a n  b e n e f i t  f rom 
u s i n g  a new p r o d u c t  o r  t e c h n o l o g y .  For t h i s  s t u d y ,  
m a r k e t  p o t e n t i a l  is s p e c i f i e d  as t h e  t o t a l  number 
o f  h o u s e h o l d s  t h a t  might  b e n e f i t  from t h e  u s e  o f  
r e s i d e n t i a l  c o o l  s t o r a g e  t e c h n o l o g y .  The f i r s t  
p l a c e  t o  b e g i n  i n  a t t e m p t i n g  t o  estimate m a r k e t  
p o t e n t i a l  i s  t o  i d e n t i f y  t h e  n e e d  s a t i s f i e d  by 
t h i s  t e c h n o l o g y .  The m a r k e t  f o r  r e s i d e n t i a l  c o o l  
s t o r a g e  t e c h n o l o g y ,  e s p e c i a l l y  c o n s i d e r i n g  t h e  
e x p e c t e d  s h o r t f a l l s  o f  e l e c t r i c i t y  by r e g i o n s  i n  
t h e  U.S., i s  d i s c u s s e d  below. 
EXPECTED REGIONAL SHORTFALLS OF ELECTRICITY 
The p r i m a r y  b e n e f i t  o f  t h i s  t e c h n o l o g y  is t o  
s h i f t  demand f o r  e l e c t r i c i t y  o f f  peak .  Demand f o r  
t h i s  t e c h n o l o g y  is d e r i v e d  from t h e  e x t r e m e l y  high- 
c a p a c i t y  c o s t s  ( p e r  kW) r e q u i r e d  by u t i l i t i e s  t o  
p r o d u c e  e l e c t r i c i t y  a t  peak  demand. 
The f i r s t  s t e p  i n  e s t i m a t i n g  m a r k e t  p o t e n t i a l  
is t o  i d e n t i f y  t h o s e  g e o g r a p h i c  a r e a s  where  t h e r e  
w i l l  b e  a problem i n  m e e t i n g  peak summer e l e c t r i c i t y  
demand. The b a s i s  f o r  making t h e s e  e s t i m a t e s  is 
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U.S. E l e c t r i c  Power 1987 - P r o j e c t i o n s  Through 
2000 ( 4 ) .  
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T h i s  s t u d y  c o n c l u d e s  t h a t  s h o r t f a l l s  i n  a b i l i t y  
t o  p r o v i d e  peak  e l e c t r i c i t y  demands w i l l  become a 
s e r i o u s  problem i n  c e r t a i n  r e g i o n s  by t h e  y e a r  
1995. By t h e  y e a r  2000,  a s e r i o u s  power s h o r t a g e  
w i l l  e x i s t  i n  a l m o s t  a l l  r e g i o n s  o f  t h e  U.S. 
T a b l e  1 summarizes t h e  f i n d i n g s  from t h i s  
s t u d y .  T h i s  t a b l e  d e s c r i b e s  t h e  r e g i o n s  of  t h e  
U.S. t h a t  a r e  e x p e c t e d  t o  have peak  power s h o r t a g e s  
by t h e  y e a r s  1995 and  2000. The f i r s t  s h o r t a g e s  
of  e l e c t r i c i t y  w i l l  o c c u r  by 1995.  The f i r s t  
a r e a s  t o  s u f f e r  from e l e c t r i c i t y  s h o r t a g e s  w i l l  
be  t h e  Mid-At lan t ic  and  C e n t r a l  r e g i o n s .  The 
Energy I n f o r m a t i o n  A d m i n i s t r a t i o n  (EIA) s t u d y  
c o n c l u d e s  t h a t  v i r t u a l l y  a l l  o f  t h e  U.S. w i l l  
f a l l  s h o r t  of  peak  electric power by t h e  y e a r  
2000. Only t h e  North C e n t r a l  r e g i o n  is n o t  e x p e c t e d  
t o  s u f f e r  f rom s h o r t f a l l s .  
T a b l e  1,  A n t i c i p a t e d  R e g i o n a l  Power S h o r t a g e s  by 
t h e  Years 1995 and  2000 ( i n  G i g a w a t t s )  ( 4 )  
A n t i c i p a t e d  A n t i c i p a t e d  
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Given t h e  p e r v a s i v e  c h a r a c t e r  o f  power s h o r t -  
a g e s  by t h e  y e a r  2000,  t h i s  s t u d y  w i l l  n o t  segment 
t h e  p o t e n t i a l  m a r k e t  f o r  r e s i d e n t i a l  c o o l  s t o r a g e  
technology  by g e o g r a p h i c  a r e a .  
MARKET FOR RESIDENTIAL COOL STORAGE TECHNOLOGY 
The m a r k e t  f o r  c o o l  s t o r a g e  t e c h n o l o g y  is ex- 
p e c t e d  t o  be i d e n t i c a l  t o  t h e  marke t  t h a t  e x i s t s  
f o r  c e n t r a l  A/C. C e n t r a l  a i r  c o n d i t i o n i n g  i n c l u d e s  
bo th  c o n v e n t i o n a l  c e n t r a l  a i r  c o n d i t i o n i n g  s y s t e m s  
a s  w e l l  a s  h e a t  pump s y s t e m s .  T h e r e  a r e  two major 
submarke ts  f o r  t h i s  t echnology:  new homes and 
r e t r o f i t s  t o  t h e  c e n t r a l  A/C u n i t s  i n  e x i s t i n g  
homes. 
The f i r s t  submarke t  is composed o f  new homes 
c o n s t r u c t e d  i n  t h e  U.S. T a b l e  2 d e s c r i b e s  t h e  
p r o p o r t i o n  o f  new homes c o n s t r u c t e d  i n  t h e  U.S. t h a t  
i n c l u d e  c e n t r a l  A/C. I n  r e c e n t  y e a r s ,  a p p r o x i m a t e l y  
70% of a l l  new homes a r e  c o n s t r u c t e d  w i t h  c e n t r a l  
A/C. T h i s  p e r c e n t a g e  v a r i e s  s i g n i f i c a n t l y  from 
r e g i o n  t o  r e g i o n .  T a b l e  3 d e s c r i b e s  t h e  r e g i o n a l  
d i f f e r e n c e s  i n  i n s t a l l i n g  c e n t r a l  A/C i n  new homes. 
Of new homes c o n s t r u c t e d  i n  t h e  s o u t h ,  92% i n c l u d e  
c e n t r a l  A/C. The n o r t h e a s t  r e g i o n  h a s  t h e  l o w e s t  
p r o p o r t i o n  of new homes c o n s t r u c t e d  w i t h  c e n t r a l  
T a b l e  2 ,  New S ingle-Fami ly  Housing Completed w i t h  
C e n t r a l  A i r  C o n d i t i o n i n g  o r  Heat  Pump 
U n i t s  ( 5 ,  6 )  
New S i n g l e -  With C e n t r a l  P e r c e n t  w i t h  
Family A/C o r  Hea t  C e n t r a l  A/C o r  
Year Hous ing(a)  
- Pumps(a) Hea t  Pumps(a) 
1971 1014 365  36  
1972 1143 489 4 3  
1973 1197 582 4 9  
1974 940  45 1 48  
1975 875  403  4 6  
1976 1034 51  1 4 9  
1977 1258 679 54 
1978 1369 797 5 8  
1979 1301 784 6 0  
1980 957 598  6 3  
1981 8 1 9  530 6 5  
1982 6 3  2 41 6 66  
1983 924 642 70 
1984 1025 723  71 
( a )  A l l  u n i t s  l i s t e d  a r e  i n  t h o u s a n d s .  
T a b l e  3 ,  New Single-Fami ly  Housing Completed w i t h  
C e n t r a l  Air C o n d i t i o n i n g  o r  Heat  Pump 
U n i t s  by Census  Region ( 5 ,  6 )  
Nor t h e a s  t 
U n i t s ( b )  X 
1 4  1 0  
Nor th  
C e n t r a l  
U l J  2 
5 3  25 
S o u t h  
- 2  
227 4 9  
West 
70 
1984 44 34 8 6  5 5  466 92 127 5 5  
( b )  A l l  u n i t s  l i s t e d  are i n  t h o u s a n d s .  
A/C. Only a b o u t  o n e - t h i r d  o f  new homes c o n s L r u c t e d  
i n  t h a t  a r e a  i n c l u d e  c e n t r a l  A/C. 
The second submarke t  f o r  r e s i d e n t i a l  c o o l  
s t o r a g e  a r e  r e t r o f i t s  t o  t h e  e x i s t i n g  c e n t r a l  A/C 
s y s t e m s  a r e a d y  i n c l u d e d  i n  homes. Brown and 
S p a n n e r ( ~ 3  found  t h a t  m o d i f y i n g  t h e  e x i s t i n g  c e n t r a l  
A/C equipment  t o  i n c o r p o r a t e  c o o l  s t o r a g e  was econo- 
m i c a l l y  f e a s i b l e  f o r  r e s i d e n t i a l  h o u s e h o l d s .  How- 
e v e r ,  t h e y  c o n c l u d e d  t h a t  removal  of  t h e  e x i s t i n g  
s y s t e m  and  c o m p l e t e  r e p l a c e m e n t  w i t h  a new resi- 
d e n t i a l  c o o l  s t o r a g e  s y s t e m  i n  a n  e x i s t i n g  home 
was n o t  e c o n o m i c a l l y  f e a s i b l e .  
The e x p e c t e d  l i f e  o f  c e n t r a l  A/C equipment  is  
a p p r o x i m a t e l y  1 5  y e a r s .  T h e r e f o r e ,  a  t y p i c a l  house- 
h o l d  w i t h  c e n t r a l  A/C must  make m a j o r  r e t r o f i t s  t o  
t h i s  equipment  e v e r y  1 5  y e a r s .  Thus ,  o n e - f i f t e e n t h  
o f  t h e  e x i s t i n g  h o u s i n g  m a r k e t  w i t h  c e n t r a l  A/C 
was c o n s i d e r e d  t h e  p o t e n t i a l  marke t  f o r  r e s i d e n t i a l  
c o o l  s t o r a g e  t e c h n o l o g y  i n  any  g i v e n  y e a r .  
( c )  Brown, D.  R . ,  and  S p a n n e r ,  G. E . ,  C o s t  and Per formance  G o a l s  f o r  R e s i d e n t i a l  C o o l  S t o r a g e  Sys tems ,  
P a c i f i c  Nor thwes t  L a b o r a t o r y ,  R i c h l a n d ,  Washington ,  ( t o  be  p u b l i s h e d ) .  
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T a b l e  4 summar izes  t h e  s a t u r a t i o n  o f  a i r  c o n d i -  
t i o n i n g  i n  e x i s t i n g  r e s i d e n t i a l  h o u s i n g  by c e n s u s  
r e g i o n  i n  t h e  U.S. 
A r e g r e s s i o n  a n a l y s i s  was deve loped  based  on  
h i s t o r i c a l  h o u s i n g  d a t a  to  e s t i m a t e  t h e  f u t u r e  
s i z e  of  t h e  hous ing  m a r k e t .  T h i s  model p r o j e c t e d  
t h e  t o t a l  e x i s t i n g  h o u s i n g  m a r k e t  t o  b e  as f o l l o w s :  
1995 1 1 1 , 4 5 9 , 0 0 0  u n i t s  
2000 1 1 9 , 0 1 6 , 0 0 0  u n i t s  
2005 126 ,572 ,000  u n i t s  
2010 1 3 4 , 1 2 9 , 0 0 0  u n i t s .  
Approximately 62% o f  t h e s e  t o t a l s  w i l l  be  composed 
o f  s i n g l e - f a m i l y  d w e l l i n g s  (7) .  Approximate ly  
30% of s i n g l e - f a m i l y  d w e l l i n g s  a r e  p r o j e c t e d  t o  have  
c e n t r a l  a i r  c o n d i t i o n i n g .  If o n e - f i f t e e n t h  o f  
t h i s  m a r k e t  composes t h e  p o t e n t i a l  m a r k e t  i n  a n y  
g i v e n  y e a r ,  t h e  p o t e n t i a l  a n n u a l  m a r k e t  f o r  r e s i d e n -  
t i a l  c o o l  s t o r a g e  s y s t e m s  i n  e x i s t i n g  homes i s  
a p p r o x i m a t e l y  as f o l l o w s :  
1995 1 , 4 0 0 , 0 0 0  u n i t s  
2000 1 , 5 0 0 , 0 0 0  u n i t s  
2005 1 , 5 9 0 , 0 0 0  u n i t s  
2010 1 , 6 8 0 , 0 0 0  u n i t s  
A r e g r e s s i o n  a n a l y s i s  model was a l s o  deve loped  
based  o n  h i s t o r i c a l  p a t t e r n s  o f  new h o u s i n g  starts. 
T h i s  model d i d  n o t  f i n d  a s t a t i s t i c a l l y  s i g n i f i c a n t  
r e l a t i o n s h i p  between a n n u a l  new h o u s i n g  starts a n d  
time. Thus ,  t h e  a v e r a g e  v a l u e  f o r  h o u s i n g  s tarts  
o v e r  t h e  l a s t  5 t o  1 0  y e a r s  was used  t o  e s t i m a t e  
t h e  e x p e c t e d  a n n u a l  new h o u s i n g  starts. On a v e r a g e ,  
a p p r o x i m a t e l y  1 , 5 0 0 , 0 0 0  new h o u s i n g  u n i t s  a r e  con- 
s t r u c t e d  e a c h  y e a r .  Of t h i s  t o t a l ,  a p p r o x i m a t e l y  
62% are s i n g l e - f a m i l y  d w e l l i n g s .  Approximate ly  
70% o f  t h e s e  s i n g l e - f a m i l y  h o u s e s  w i l l  i n s t a l l  
c e n t r a l  a i r  c o n d i t i o n i n g .  Thus ,  on a v e r a g e ,  appro-  
x i m a t e l y  650 ,000  new s i n g l e - f a m i l y  homes are b u i l t  
a n n u a l l y  w i t h  c e n t r a l  a i r  c o n d i t i o n i n g .  
I n c l u d i n g  t h e  t o t a l s  e s t i m a t e d  f o r  b o t h  t h e  
new and  e x i s t i n g  h o u s i n g  m a r k e t .  t h e  p o t e n t i a l  
m a r k e t  f o r  r e s i d e n t i a l  c o o l  s t o r a g e  t e c h n o l o g y  f o r  
t h e  f o u r  t a r g e t  y e a r s  is a s  f o l l o w s :  
1995 2 ,050 ,000  u n i t s  
2000 2 , 1 5 0 , 0 0 0  u n i t s  
2005 2 , 2 4 0 , 0 0 0  u n i t s  
2010 2.330.000 u n i t s .  
ESTIMATION OF MARKET PENETRATION 
FACTORS INFLUENCING MARKET PENETRATION 
S e v e r a l  f a c t o r s  h a v e  been  i d e n t i f i e d  t h a t  w i l l  
i n f l u e n c e  t h e  p o t e n t i a l  f o r  r e s i d e n t i a l  c o o l  s t o r -  
a g e .  I n  a g e n e r a l  s e n s e ,  t h i s  w i l l  i n c l u d e  t h e  
per formance  o f  r e s i d e n t i a l  c o o l  s t o r a g e  u n i t s  r e l a -  
t i v e  t o  t h e i r  c o m p e t i t o r s .  T h e r e  a r e  many dimen- 
s i o n s  t o  per formance .  Consumers g e n e r a l l y  make 
p u r c h a s e  d e c i s i o n s  f o r  e x p e n s i v e  d u r a b l e  goods 
based  on  s e v e r a l  p r o d u c t  f e a t u r e s :  i n i t i a l  c o s t ,  
o p e r a t i n g  c o s t ,  c o m f o r t ,  n o i s e ,  w a r r a n t i e s ,  f a m i l -  
i a r i t y  o f  b rand  name, and  m a i n t e n a n c e  r e q u i r e m e n t s .  
T h i s  s t u d y  d i d  n o t  a t t e m p t  t o  s t u d y  t h e  i n f l u e n c e  
o f  a l l  o f  t h e s e  f e a t u r e s .  I n s t e a d ,  it f o c u s e d  
o n l y  on  c o s t - r e l a t e d  f e a t u r e s .  C o s t  c o m p e t i t i v e n e s s  
s h o u l d  b e  viewed as a n e c e s s a r y ,  b u t  n o t  s u f f i c i e n t ,  
c o n d i t i o n  f o r  t h e  s u c c e s s f u l  p e n e t r a t i o n  o f  t h i s  
t e c h n o l o g y  i n t o  t h e  m a r k e t  p l a c e .  
T h e r e  are s e v e r a l  f a c t o r s  t h a t  i n f l u e n c e  t h e  
c o s t  c o m p e t i t i v e n e s s  o f  t h i s  t e c h n o l o g y .  T h e s e  
i n c l u d e  t h e  TOD d i f f e r e n t i a l  electric r a t e ,  p r i c e  
r e b a t e s  o f f e r e d  by u t i l i t i e s ,  t h e  f i r s t  c o s t  o f  
t h e  t e c h n o l o g y .  o p e r a t i n g  and  m a i n t e n a n c e  c o s t s ,  
and  t h e  cool ing-degree-day  r e q u i r e m e n t s  o f  a n  a r e a .  
T h i s  s t u d y  u s e d  a n  economic  c o s t  model  t o  c o n s i d e r  
t h e  i m p o r t a n c e  o f  t h e s e  f a c t o r s  i n  i n f l u e n c i n g  t h e  
f i n a l  m a r k e t  p e n e t r a t i o n .  
ECONOMIC COST MODEL FOR ESTIMATING MARKET PENETRA- 
TION 
S e v e r a l  methods  h a v e  b e e n  d e v e l o p e d  t o  g e n e r a t e  
marke t  p e n e t r a t i o n  e s t i m a t e s  (8, 9 ,  1 0 ) .  The econo- 
mic c o s t  model  is a p p r o p r i a t e  f o r  a p p l i c a t i o n s  
where  t h e  s y s t e m  c o s t  i s  a n  i m p o r t a n t  a t t r i b u t e  i n  
p r o d u c t  s e l e c t i o n .  C o s t  and per formance  g o a l s  f o r  
r e s i d e n t i a l  c o o l  s t o r a g e  t e c h n o l o g y  were  r e c e n t l y  
e s t i m a t  d i n  a s t u d y  c o n d u c t e d  by Brown and 
SpannerTa) .  O t h e r  more a c c u r a t e  methods ,  based  o n  
consumer r e s e a r c h  a l s o  d o  e x i s t  t o  e s t i m a t e  m a r k e t  
p e n e t r a t i o n .  However, no  consumer r e s e a r c h  h a s  
been c o n d u c t e d  on  t h i s  t e c h n o l o g y  t h a t  m i g h t  b e  
i n c o r p o r a t e d  i n  a n  e s t i m a t e  o f  m a r k e t  p e n e t r a t i o n .  
T a b l e  4 ,  S a t u r a t i o n  o f  A i r  C o n d i t i o n i n g  i n  E x i s t i n g  R e s i d e n t i a l  Housing by Census  Region  a n d  D i v i s i o n  (11)  
Census  Census  
Region D i v i s i o n  
N o r t h e a s t  
New England 
Middle A t l a n t i c  
North C e n t r a l  
E a s t  Nor th  C e n t r a l  
West Nor th  C e n t r a l  
S o u t h  
S o u t h  A t l a n t i c  
E a s t  S o u t h  C e n t r a l  
West S o u t h  C e n t r a l  
West 
Mountain 
P a c i f i c  
T o t a l  U.S. 
% o f  Hous ing  
w i t h  C e n t r a l  
A/C U n i t s  
1 0 . 9  
4 . 7  
1 2 . 5  
27.3 
% o f  Housing 
w i t h  Room 
A/C U n i t s  
39 .9  
37 .2  
41 .1  
32.4 
3 2 . 2  
3 4 . 4  




1 5 . 9  
1 5 . 6  
1 6 . 0  
2 9 . 9  
% o f  Housing 
w i t h o u t  
(a) Brown, D. R., a n d  S p a n n e r ,  G. E., C o s t  and P e r f o r m a n c e  G o a l s  f o r  R e s i d e n t i a l  Cool  S t o r a g e  S y s t e m s ,  
P a c i f i c  Nor thwes t  L a b o r a t o r y ,  R i c h l a n d ,  Washington ,  ( t o  b e  p u b l i s h e d ) .  
ESL-HH-88-09-40
Proceedings of the Fifth Symposium on Improving Building Systems in Hot and Humid Climates, Houston, TX, September 12-14, 1988
The b a s i c  methodology employed i n  a n  economic 
c o s t  model is  s i m p l e .  Ra ju  and T e o t i a  (8) p r o v i d e  
a  d e s c r i p t i o n  o f  t h e  s t e p s  i n  a  t y p i c a l  economic 
c o s t  model f o r  e s t i m a t i n g  t h e  m a r k e t  s h a r e  o f  
competing t e c h n o l o g i e s :  
Economic c o s t  models  e s t i m a t e  marke t  
s h a r e  as a f u n c t i o n  o f  o n l y  t h e  c o s t -  
r e l a t e d  a s p e c t s  o f  t h e  p r o d u c t .  T h e r e  
a r e  e s s e n t i a l l y  f o u r  s t e p s  i n  t h e  economic 
c o s t  models .  F i r s t ,  a s e t  o f  compet ing  
t e c h n o l o g i e s  o r  p r o d u c t s  i s  i d e n t i f i e d .  
Second,  f o r  e a c h  p r o d u c t  i d e n t i f i e d ,  
t h e  i n i t i a l  and a f t e r  t a x  c o s t s  ( e . g . ,  
c a p i t a l ,  i n s t a l l a t i o n ,  and o p e r a t i o n  
and main tenance  c o s t s )  a r e  e s t i m a t e d  
o v e r  t h e  l i f e  o f  t h e  p r o d u c t .  T h i r d ,  
depending  o n  t h e  a p p r o a c h  u s e d ,  t h e  
c o s t s  a r e  a c t u a l l y  c o n v e r t e d  t o  a  s t a n d a r d  
c o s t  measure s u c h  a s  t h e  1 )  n e t  p r e s e n t  
v a l u e  o r  l i f e - c y c l e  c o s t  ($), 2 )  i n t e r n a l  
r a t e  o f  re u r n  (%), o r  3) l e v e l i z e d  e n e r g y  8 c o s t  ($110  o r  cents/kWh) . F i n a l l y ,  
t h e  marke t  s h a r e  o f  e a c h  p r o d u c t  i s  
e s t i m a t e d  from t h e  c o s t  measure.  
Economic c o s t  models  have had a p p l i c a t i o n  i n  
e s t i m a t i n g  t h e  l i k e l y  marke t  p e n e t r a t i o n  of  s o l a r  
t e c h n o l o g i e s  ( 1 2 ,  1 3 ) .  The S-shaped l o g i s t i c  
c u r v e  h a s  been used  t o  d e v e l o p  t h e s e  e s t i m a t e s .  
A compar i son  of  payback p e r i o d s  and  l i f e - c y c l e  
c o s t s  p r o v i d e s  t h e  b a s i s  f o r  comparing t h e  r e l a t i v e  
a t t r a c t i v e n e s s  o f  compet ing  t e c h n o l o g i e s .  
The S-shaped l o g i s t i c  c u r v e  w i l l  be  used  i n  
t h i s  s t u d y  t o  e s t i m a t e  t h e  l i k e l y  marke t  s h a r e  o f  
competing t e c h n o l o g i e s .  Ra ju  a n d  T e o t i a  (8) d i s -  
cussed  t h e  t h e o r e t i c a l  j u s t i f i c a t i o n  f o r  u s i n g  
l o g i s t i c  c u r v e s  i n  t h i s  a n a l y s i s .  They b e l i e v e  
t h e  l o g i s t i c  c u r v e  s u p p o r t s  t h e  t h e o r y  t h a t  when 
technology  is comparable  o n l y  t o  c o n v e n t i o n a l  
t e c h n o l o g y ,  o n l y  a  s m a l l  number of  i n n o v a t o r s  
w i l l  a d o p t  it. A s  t h e  t e c h n o l o g y  becomes econo- 
m i c a l l y  b e t t e r ,  its m a r k e t  s h a r e  i n c r e a s e s  r a p i d l y .  
The growth r a t e  f o r  t h i s  t e c h n o l o g y  s l o w s  when 
most  o f  t h e  m a r k e t  h a s  been c a p t u r e d .  
I m p o r t a n t  a d v a n t a g e s  and  d i s a d v a n t a g e s  h a v e  
been p r e s e n t e d  f o r  u s i n g  l o g i s t i c  c u r v e s  t o  e s t i m a t e  
market  p e n e t r a t i o n .  The a d v a n t a g e  of  s u c h  a  model 
is t h a t  c o s t  f a c t o r s  c a n  b e  d e v e l o p e d  e a r l y  i n  
t h e  technology  development p r o c e s s .  I n  a d d i t i o n ,  
s e n s i t i v i t y  a n a l y s i s  can  be  performed u s i n g  t h e s e  
c o s t  estimates. A major  c r i t i c i s m  is t h a t  l i t t l e  
e m p i r i c a l  e v i d e n c e  is a v a i l a b l e  t o  s u p p o r t  t h e  
r e l a t i o n s h i p  between economic a t t r a c t i v e n e s s  and 
marke t  s h a r e .  Another d i s a d v a n t a g e  is  t h a t  t h i s  
model i g n o r e s  most  o t h e r  cus tomer  a t t r i b u t e s .  
F u r t h e r ,  t h e  e q u i l i b r i u m  marke t  s h a r e  c a l c u l a t e d  
from s u c h  a  model w i l l  n o t  be a t t a i n e d  i m m e d i a t e l y .  
D i f f u s i o n  o f  t h i s  t e c h n o l o g y  w i l l  t a k e  s e v e r a l  
y e a r s  d e s p i t e  its economic a t t r a c t i v e n e s s .  
SELECTION OF A BASE CASE HOME 
One of t h e  r e q u i r e d  t a s k s  of  t h i s  s t u d y  was 
t o  select a  b u i l d i n g  p r o t o t y p e  t h a t  would be  re- 
p r e s e n t a t i v e  o f  t h e  c o o l i n g  l o a d  r e q u i r e m e n t s  o f  
homes i n  t h e  U.S. The e s t i m a t i o n  o f  a  b u i l d i n g ' s  
c o o l i n g  l o a d  is a complex a n a l y t i c a l  c a l c u l a t i o n  
i n v o l v i n g  t h e  f o l l o w i n g  key  b u i l d i n g - s p e c i f i c  f a c -  
t o r s ,  among many o t h e r s :  
1. B u i l d i n g  f l o o r  a r e a  and l a y o u t  
2. Type,  q u a n t i t y ,  and  l o c a t i o n  o f  i n s u l a t i o n  
3 .  I n t e r n a l  h e a t i n g  l o a d s  
4.  V e n t i l a t i o n  p r a c t i c e s  
5 .  I n d o o r  t a r g e t  t e m p e r a t u r e  a n d  h u m i d i t y .  
The h o u s i n g  c h a r a c t e r i s t i c s  s e l e c t e d  f o r  com- 
p a r a t i v e  economic a n a l y s i s  a r e  b a s e d  on t h e  s t u d y  
c o n d u c t e d  by Brown and  Spanner .  I n  t h a t  s t u d y ,  
t h r e e  d i f f e r e n t  b u i l d i n g s  were  m o d e l l e d  t o  d e t e r m i n e  
t h e  impact  o f  r e s i d e n t i a l  b u i l d i n g  s i z e  and t y p e  
on  t h e  c o n v e n t i o n a l  c o s t  o f  c o o l i n g .  The h o u s i n g  
c h a r a c t e r i s t i c s  a n a l y z e d  i n  t h i s  s t u d y  are a com- 
p o s i t e  o f  c h a r a c t e r i s t i c s  common t o  t h e s e  t h r e e  
house t y p e s .  The energy-sav ing  d e s i g n  p r a c t i c e s ,  
s u c h  as r o o f  o r  w a l l  i n s u l a t i n g  l e v e l s ,  were  o b t a i n e d  
from t h e  ASHRAE S t a n d a r d ,  which d e s c r i b e s  t y p i c a l  
good b u i l d i n g  p r a c t i c e s  t h r o u g h o u t  t h e  U.S. T a b l e  
5  p r o v i d e s  a summary o f  t h e  a s s u m p t i o n s  used  t o  
e s t i m a t e  c o n v e n t i o n a l  and  r e s i d e n t i a l  c o o l  s t o r a g e  
s y s t e m  l i f e - c y c l e  c o s t s .  
T a b l e  5, Assumpt ions  Used t o  E s t i m a t e  C o n v e n t i o n a l  
and  R e s i d e n t i a l  Cool S t o r a g e  L i f e  C y c l e  
C o s t s  
Model Assumptions 
B u i l d i n g  s t y l e  
C o o l i n g  s y s t e m  c a p a c i t y  
C o n v e n t i o n a l  s y s t e m  c a p i t a l  
c o s t s  
C o n v e n t i o n a l  and  t h e r m a l  e n e r g y  
s t o r a g e  (TES) s y s t e m  COP 
( c o e f f i c i e n t  o f  per formance)  
On-peak p e r i o d  f r a c t i o n  o f  t o t a l  
d a i l y  l o a d  
I n c r e m e n t a l  c a p i t a l  c o s t s  f o r  TES 
Annual m a i n t e n a n c e  c o s t s  
System l i f e  
P r o p e r t y  t a x e s  
G e n e r a l  i n f l a t i o n  rate 
E l e c t r i c i t y  e s c a l a t i o n  r a t e  
Main tenance  e s c a l a t i o n  r a t e  
C a p i t a l  e s c a l a t i o n  rate 
D i s c o u n t  r a t e  
Ranch 
3 . 5  t o n s  
0 . 7 3  
$2000 
$125 
15 y r  
2% of i n i t i a l  
c a p i t a l / y r  
3 . l % / y r  
2.5%/yr 
3 . l % / y r  
3 . l % / y r  
4 .2%/yr  
An i m p o r t a n t  e l e m e n t  o f  t h e  e s t i m a t e  o f  l i f e -  
c y c l e  c o s t s  computed i n  t h i s  s t u d y  is t h e  c o o l i n g  
l o a d  i n  v a r i o u s  l o c a t i o n s  and r e g i o n s  o f  t h e  U.S. 
T h e r e  is a wide r a n g e  i n  t h e  cool ing-degree-day  
r e q u i r e m e n t s  a t  d i f f e r e n t  l o c a t i o n s  i n  t h e  U.S. 
Anchorage,  A l a s k a ,  h a s  less t h a n  20 c o o l i n g - d e g r e e -  
d a y s  p e r  y e a r .  A t  t h e  o t h e r  e x t r e m e ,  Miami, F l o r -  
i d a ,  h a s  o v e r  4000 cool ing-degree-days  p e r  y e a r .  
For t h i s  s t u d y ,  v a r i a t i o n s  i n  c o o l i n g  l o a d  
r e q u i r e m e n t s  were modeled a s  a  f u n c t i o n  o f  t h e  
cool ing-degree-days  (65-degree  b a s e )  t y p i c a l  f o r  
l o c a t i o n s  i n  t h e  U.S. C o o l i n g  l o a d  a s  a  f u n c t i o n  
o f  cool ing-degree-days  was c a l c u l a t e d  u s i n g  t h e  
PEAR 2 . 0  program d e v e l o p e d  by Lawrence B e r k e l e y  
L a b o r a t o r y  ( 1 4 ) .  T h i s  program e s t i m a t e s  t h e  h e a t i n g  
and c o o l i n g  e n e r g y  u s e  o f  b u i l d i n g s  o f  v a r i o u s  
s i z e  a n d  c o n s t r u c t i o n  c h a r a c t e r i s t i c s  i n  d i f f e r e n t  
c i t i es  i n  t h e  U.S. A r e g r e s s i o n  a n a l y s i s  model 
was deve loped  from d a t a  computed from a  sample  o f  
c i t i e s  i n  t h e  U.S. t o  e s t i m a t e  c o o l i n g  l o a d  a s  a  
f u n c t i o n  o f  cool ing-degree-days .  T h i s  r e l a t i o n s h i p  
was t h e n  i n c l u d e d  i n  t h e  economic c o s t  model t o  
e s t i m a t e  s t a t e - l e v e l  marke t  p e n e t r a t i o n s .  
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C O M P A R I S ~ N  OF LIFE-CYCLE COSTS FOR CONVENTIONAL 
CENTHAI. A/C A N D  'rKS SYSTEM 
'I'h~arfethodology employed by Brown and 
Spanner provlded the bas i s  fo r  est imating the  
l i fe -cyc le  c o s t s  l o r  the conventional c e n t r a l  a i r  
conditj.oning system and the r e s i d e n t i a l  cool s to rage  
system. This study used the same economic assump- 
t ions  a s  i n  the  Brown and Spanner study. Com- 
parat ive l i fe -cyc le  cos t s  were developed, assum- 
ing various types of pr ice incen t ives  a r e  offered 
by u t i l i t i e s .  Figure 1 describes the  f indings of 
the h f l u e n c e  of various TOD r a t e s  on the com- 
parat ive l i fe -cyc le  c o s t s  fo r  a  system. Figure 2 
descr ibes the inf luence of pr ice rebates  on the 
comparaLivc l i fe -cyc le  c o s t s  of the  r e s i d e n t i a l  
cool s to rage  systems. The relevance of these 
[indings is  discussed below. 
Figure 1 describes the e f f e c t  of zero,  $0.05, 
$0.10, and $0.15/kWh TOD r a t e  d i f f e r e n t i a l s  on the 
economic competitiveness of r e s i d e n t i a l  cool s to rage  
systcnls compared to conventional c e n t r a l  a i r  con- 
di t ioning systems. The 45-degree l i n e  on t h i s  
graph ind ica tes  the point where the TES system 
cost/MBtu equals  the conventional system cost/MBtu. 
Tho port ions of the graph on the  r i g h t  s i d e  of the 
45-dcgrec l i n e  ind ica te  points  where the TES system 
cosL i s  lower than the comparable conventional A/C 
system cos t .  An example is presented below t o  
help c l a r i f y  the  i n t e r p r e t a t i o n  of t h i s  f igure .  
AnoLher l i n e  on Figure 1 describes the  com- 
parat ive c o s t s  of the TES and conventional systems 
i n  cl imates  wj.th 1000 cooling-degree-days. This  
c o s t  I inc < rosscas  thc 45-degree l i n e  a t  a  TOD r a t e  
d i f f e r e n t i a l  of approximately $0.14/kWh. This 
j ntlicatcs tha t  fo r  TOD r a t c  d i f f c r c n t  i n l s  grciltcr 
Lhali $O.lC/kWh, Lhc 'l'L.:S sysLcm has a luwcr cosL 
per HBtu than conventional a i r  condit ioning systems. 
Figure 2 describes the inf luence of pr ice 
reba tes  on the economic competitiveness of residen- 
t i a l  cool  s to rage  systems compared t o  conventional 
A/C systems. This  f i g u r e  might a l s o  be in te rpre ted  
a s  the  inf luence of a  c o s t  reduction on the economic 
competitiveness of t h i s  new technology. The i n t e r -  
p re ta t ion  of t h i s  f igure  is s imi la r  t o  t h e  explana- 
t ion  provided above f o r  Figure 1. A s  an example, 
a  $1000 reba te  i n  c l imates  with 500 cooling-degree- 
days has a  dramatic e f f e c t  on the cos t  competitive- 
ness of TES systems. However, even with a  $1000 
reba te ,  a  TOD r a t e  d i f f e r e n t i a l  of approximately 
$O.ZO/kWh would be required f o r  the  new TFS system 
t o  be c o s t  competitive with the conventional c e n t r a l  
a i r  conditioning system. 
From t h e  f ind ings  described i n  Figures 1 and 
2, t h i s  study concludes t h a t  pr icing incen t ives  
must vary dramatical ly  by region f o r  r e s i d e n t i a l  
cool s to rage  u n i t s  t o  be economically a t t r a c t i v e  
r e l a t i v e  t o  conventional c e n t r a l  a i r  condit ioning 
systems. Assuming a  $2000 d i f f e r e n t i a l  p r ice  f o r  
r e s i d e n t i a l  cool s to rage  u n i t s ,  a  TOD r a t e  d i f fe ren-  
t i a l  of approximately $0.075/kWh would be required 
a t  2000 cooling-degree-days (65-degree base) t o  
allow r e s i d e n t i a l  cool  s to rage  technology t o  compete 
economically with c e n t r a l  a i r  condit ioning.  A t  
1000 cooling-degree-days, a  TOD r a t e  d i f f e r e n t i a l  
of approximately $0.15/kWh would be required t o  
allow r e s i d e n t i a l  cool s to rage  t o  compete econo- 
mically with c e n t r a l  a i r  condit ioning.  Another 
TES Syalern Coat : 
Convantlonel Sycsrn 
Pig.  1 A Comparison of L i fe  Cycle Costs f o r  
Conventional and TES A/C Systems a t  
Selected Cooling-Degree-Days f o r  TOD Rate 
D i f l e r e n t i a l s  Between $0.00 and $0.15/kWh 
Fig. 2  A Comparison of L i fe  Cycle Costs f o r  
Conventional and TES A/C Systems a t  Selected 
Cooling-Degree-Days f o r  Price Rebates 
Between $0 and $1000 
( A )  Hrown, U. R . ,  and Spanner, G .  E . ,  Cost and Performance Goals f o r  Resident ial  Cool Storage Systems, 
Pac i f ic  Northwest Laboratory, Richland, Washington, ( t o  be published). 
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o p t i o n  a t  1000 cool ing-degree-days  is  t o  o f f e r  a  
$O.lO/kWh TOD r a t e  d i f f e r e n t i a l  w i t h  a  $1000 r e b a t e  
t o  make r e s i d e n t i a l  c o o l  s t o r a g e  u n i t s  e c o n o m i c a l l y  
c o m p e t i t i v e .  R e s i d e n t i a l  c o o l  s t o r a g e  u n i t s  a r e  
n o t  e c o n o m i c a l l y  c o m p e t i t i v e  a t  500  c o o l i n g - d e g r e e -  
d a y s  o r  less. Very e x t r e m e  p r i c e  i n c e n t i v e s  would 
have t o  b e  o f f e r e d  t o  make r e s i d e n t i a l  c o o l  s t o r a g e  
u n i t s  e c o n o m i c a l l y  c o m p e t i t i v e  i n  t h e s e  c l i m a t e s .  
T h i s  would r e q u i r e  a  $0.20/kWh TOD p r i c e  d i f f e r e n -  
t i a l  and  a $1000 p r i c e  r e b a t e .  
EXPECTED MAXIMUM MARKET PENETRATIONS 
The maximum n a t i o n a l  p e n e t r a t i o n  o f  r e s i d e n t i a l  
c o o l  s t o r a g e  t e c h n o l o g y  w i l l  b e  i n f l u e n c e d  by t h e  
a v e r a g e  c o o l i n g  r e q u i r e m e n t s  a c r o s s  t h e  5 0  s t a t e s .  
S t a t e s  t h a t  have  v e r y  low c o o l i n g  r e q u i r e m e n t s  w i l l  
have v e r y  low p e n e t r a t i o n s  o f  r e s i d e n t i a l  c o o l  
s t o r a g e  t e c h n o l o g y .  Two f a c t o r s  work a g a i n ' s t  a  
h i g h  p e n e t r a t i o n  o f  r e s i d e n t i a l  c o o l  s t o r a g e  i n  
s t a t e s  r e q u i r i n g  l i t t l e  c o o l i n g .  F i r s t ,  t h e s e  
s t a t e s  g e n e r a l l y  have  a v e r y  low p e n e t r a t i o n  of  
c e n t r a l  a i r  c o n d i t i o n i n g .  I n  s t a t e s  s u c h  a s  Maine,  
window a i r  c o n d i t i o n i n g  is  a  much more economica l  
way t o  c o o l  t h a n  c e n t r a l  a i r  c o n d i t i o n i n g .  Second,  
r e s i d e n t i a l  c o o l  s t o r a g e  u n i t s ,  because  o f  t h e i r  
h i g h  c o m p a r a t i v e  l i f e - c y c l e  c o s t ,  are n o t  compe- 
t i t i v e  w i t h  c e n t r a l  A/C t h a t  e x i s t s  i n  t h e s e  s t a t e s .  
Both f a c t o r s  combine t o  min imize  e x p e c t e d  p e n e t r a -  
t i o n  i n  s u c h  s t a t e s .  
However, t h e  r e v e r s e  is  t r u e  i n  o t h e r  s t a t e s .  
For example,  i n  F l o r i d a ,  a p p r o x i m a t e l y  92% o f  newly 
c o n s t r u c t e d  homes have  c e n t r a l  a i r  c o n d i t i o n i n g .  
I n  s u c h  a c l i m a t e ,  t h e  h i g h  p e n e t r a t i o n  o f  c e n t r a l  
a i r  c o n d i t i o n i n g ,  a l o n g  w i t h  t h e  m a s s i v e  c o o l i n g  
r e q u i r e d  i n  s u c h  a r e a s ,  c a n  l e a d  t o  v e r y  s i g n i f i -  
c a n t  p o t e n t i a l  p e n e t r a t i o n  f o r  r e s i d e n t i a l  c o o l  
s t o r a g e .  
An economic c o s t  model ,  deve loped  u s i n g  L o t u s  
123 ,  e s t i m a t e d  t h e  maximum p e n e t r a t i o n  o f  r e s i -  
d e n t i a l  c o o l  s t o r a g e  by s t a t e .  T h i s  s p r e a d s h e e t  
e s t i m a t e d  t h e  p e n e t r a t i o n  f o r  e a c h  s t a t e  based  on 
t h e  a v e r a g e  cool ing-degree-days  f o r  t h a t  s t a t e .  
Each o f  t h e  state e s t i m a t e s  o f  m a r k e t  p e n e t r a t i o n  
was t h e n  weighted  w i t h  t h e  s t o c k  o f  e x i s t i n g  h o u s i n g  
and new c o n s t r u c t i o n  o c c u r r i n g  i n  e a c h  state. 
These  marke t  p e n e t r a t i o n  e s t i m a t e s  were made 
o v e r  a  v a r i e t y  of  d i f f e r e n t  s c e n a r i o s .  D i f f e r e n t  
l e v e l s  were set f o r  TOD rate d i f f e r e n t i a l s  and  
p r i c e  r e b a t e s  o f f e r e d  by u t i l i t i e s .  The TOD r a t e s  
c o n s i d e r e d  i n c l u d e d  z e r o ,  $0.05, $0.10, and  
$0.15/kWh r a t e  d i f f e r e n t i a l s  above t h e  of f -peak  
r a t e s .  The p r i c e  r e b a t e s  t h a t  were c o n s i d e r e d  
i n c l u d e  z e r o ,  $250, $500, $750, and  $1000. 
T a b l e  6  p r e s e n t s  t h e  f i n d i n g  of  e s t i m a t e d  
n a t i o n a l  m a r k e t  p e n e t r a t i o n  o f  r e s i d e n t i a l  c o o l  
s t o r a g e  t e c h n o l o g y .  C l e a r l y ,  t h e  p e n e t r a t i o n  
w i l l  v a r y  s i g n i f i c a n t l y  depending  on t h e  i n c e n t i v e s  
o f f e r e d  by u t i l i t i e s .  The w o r s t  c a s e ,  when n o  
i n c e n t i v e s  a r e  o f f e r e d ,  shows t h a t  r e s i d e n t i a l  
c o o l  s t o r a g e  would e v e n t u a l l y  r e p l a c e  o n l y  2% o f  
t h e  c e n t r a l  a i r  c o n d i t i o n i n g  m a r k e t .  I n  c o n t r a s t ,  
when a  $0.15/kWh TOD rate d i f f e r e n t i a l  i s  o f f e r e d  
t o  consumers a l o n g  w i t h  a  $1000 r e b a t e ,  o v e r  80% 
of t h e  c e n t r a l  a i r  c o n d i t i o n i n g  m a r k e t  is e x p e c t e d  
t o  b e  e v e n t u a l l y  r e p l a c e d  by r e s i d e n t i a l  c o o l  
s t o r a g e  s y s t e m s .  
T a b l e  6 ,  P r o j e c t e d  Maximum Marke t  P e n e t r a t i o n  ( a >  
o f  R e s i d e n t i a l  C o o l  S t o r a g e  Technology a t  
S e l e c t e d  TOD R a t e  D i f f e r e n t i a l s  and P r i c e  
R e b a t e s  
Time-of-Day R a t e  D i f f e r e n t i a l  
None $0.05 $0.10 $0.15 $0.20  
-
None 1 .9% 22.5% 47.8% 64.3% 75.2% 
$250 2.4% 25.2% 50.7% 66.9% 77.3% 
U t i l i t y -  
O f f e r e d  $500 3.1% 28.1% 53.7% 69.5% 79.3% 
P r i c e  
R e b a t e s  $750 3.9% 31.3% 56.9% 72.1% 81.3% 
( a )  Based on  t h e  h i s t o r i c a l  e x p e r i e n c e  o f  r e s i d e n -  
t i a l  c o n t r o l  A/C s y s t e m s ,  t h i s  maximum m a r k e t  
p e n e t r a t i o n  w i l l  p r o b a b l y  be  a c h i e v e d  a b o u t  
40  y e a r s  f rom p r o d u c t  i n t r o d u c t i o n .  
Under t h e  most  l i k e l y  s c e n a r i o ,  a  $O.lO/kWh 
TOD rate d i f f e r e n t i a l  was used  t o  d e r i v e  a n  e s t i m a t e  
o f  f i n a l  m a r k e t  p e n e t r a t i o n .  T h i s  a n a l y s i s  esti- 
mated t h a t  r e s i d e n t i a l  c o o l  s t o r a g e  u n i t s  would 
e v e n t u a l l y  c a p t u r e  a b o u t  one-ha l f  o f  t h e  c e n t r a l  
a i r  c o n d i t i o n i n g  m a r k e t .  
ESTIMATION OF FUTURE UNIT SALES 
PROJECTION OF SALES BY ANALOGY 
The p r e v i o u s  two s e c t i o n s  h a v e  d e s c r i b e d  t h e  
two i m p o r t a n t  components o f  e s t i m a t i n g  u n i t  s a l e s ,  
m a r k e t  p o t e n t i a l ,  a n d  e v e n t u a l  n a t i o n a l  m a r k e t  pene- 
t r a t i o n .  The o n l y  v a r i a b l e  t h a t  r e m a i n s  t o  b e  
e s t i m a t e d  is  t h e  l e n g t h  o f  t i m e  r e q u i r e d  f o r  resi- 
d e n t i a l  c o o l  s t o r a g e  s y s t e m s  t o  a c h i e v e  t h e i r  maximum 
m a r k e t  p e n e t r a t i o n  i n t o  t h e  U.S. b u i l d i n g  s t o c k .  
To d e v e l o p  e s t i m a t e s  o f  t h e  e x p e c t e d  u n i t  sales 
between 1995 and  2010, t h i s  s t u d y  compared t h e  
p a t t e r n  o f  d i f f u s i o n  f o r  a s i m i l a r  p r o d u c t .  T h i s  
p a t t e r n  o f  d i f f u s i o n  was t h e n  used  t o  p r o j e c t  f u t u r e  
u n i t  s a l e s  f o r  r e s i d e n t i a l  c o o l  s t o r a g e .  C e n t r a l  
a i r  c o n d i t i o n i n g  is v e r y  similar t o  r e s i d e n t i a l  
c o o l  s t o r a g e  s y s t e m s .  I n  many r e s p e c t s ,  t h e  d i f -  
f u s i o n  p a t t e r n  o f  t h e s e  two t e c h n o l o g i e s  s h o u l d  be  
v e r y  s i m i l a r .  
I n  e a c h  i n s t a n c e ,  a  l e s s  e x p e n s i v e  s u b s t i t u t e  
was a v a i l a b l e  f o r  e a c h  p r o d u c t :  w i t h  c e n t r a l  a i r  
c o n d i t i o n i n g ,  i t  was t h e  window a i r  c o n d i t i o n i n g  
u n i t s ;  w i t h  t h e  r e s i d e n t i a l  c o o l  s t o r a g e  s y s t e m ,  
i t  was t h e  c e n t r a l  a i r  c o n d i t i o n i n g  s y s t e m .  It is 
a n t i c i p a t e d  t h a t  t h e  i n i t i a l  consumer demand f o r  
r e s i d e n t i a l  c o o l  s t o r a g e  u n i t s  w i l l  b e  tempered  by 
t h e  c o s t  o f  t h e  s y s t e m ,  a s  w e l l  a s  c o n c e r n s  a b o u t  
t h e  d u r a b i l i t y  a n d  r e l i a b i l i t y  o f  t h e  newer u n i t .  
I t  is  h y p o t h e s i z e d  t h a t  t h e  e a r l y  a d o p t e r s  o f  
b o t h  o f  t h e s e  t e c h n o l o g i e s  a r e  a l s o  similar. The 
e a r l y  a d o p t e r s  o f  t h e  r e s i d e n t i a l  c o o l  s t o r a g e  
u n i t  a r e  e x p e c t e d  t o  be  t h e  more a f f l u e n t  and 
u p s c a l e  homeowners who are r e p l a c i n g  t h e i r  f i r s t  
home w i t h  a  more e x p e n s i v e ,  custom-designed home. 
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L a t e r  d i f f u s i o n  is e x p e c t e d  t o  o c c u r  i n  medium- 
income new h o u s e h o l d s  and a l s o  as r e t r o f i t s  t o  
c e n t r a l  a i r  c o n d i t i o n i n g  s y s t e m s  i n  e x i s t i n g  homes. 
Raju and T e o t i a  ( 8 )  d i s c u s s  t h e  merits a n d  
weaknesses  o f  u s i n g  t h e  h i s t o r i c a l  a n a l o g y  method 
t o  e s t i m a t e  t h e  d i f f u s i o n  p a t t e r n  o f  a  new techno-  
logy:  
H i s t o r i c a l  a n a l o g y  is a f o r e c a s t i n g  method 
based on t h e  compar i son  o f  a  new p r o d u c t  
o r  t e c h n o l o g y  w i t h  a n  e x i s t i n g  one t h a t  
is a n a l o g o u s .  The m a r k e t  p e n e t r a t i o n  
e h a r e  o v e r  time i s  assumed t o  b e  e s s e n -  
t i a l l y  t h e  same f o r  bo th  t e c h n o l o g i e s .  
The method t h u s  d o e s  n o t  e x p l i c i t l y  
c o n s i d e r  v a r i a b l e s  o t h e r  t h a n  t i m e  and 
assumes t h a t  t h e  new and t h e  a n a l o g o u s  
p r o d u c t s  are s i m i l a r  and e x i s t  i n  i d e n -  
t i c a l  c o m p e t i t i v e  m a r k e t s .  
H i s t o r i c a l  a n a l o g y  is u s e f u l  e s p e c i a l l y  
when h i s t o r i c a l  d a t a  a r e  n o t  a v a i l a b l e ,  
e . g . ,  b e c a u s e  t h e  p r o d u c t  o r  t e c h n o l o g y  
h a s  been i n t r o d u c e d  v e r y  r e c e n t l y .  I t  
c a n  a l s o  p r o v i d e  a u s e f u l  f i r s t  appro-  
x i m a t i o n  b e f o r e  more s o p h i s t i c a t e d  f o r e -  
c a s t i n g  methods a r e  u s e d .  Its s u c c e s s ,  
however,  d e p e n d s  on  i d e n t i f i c a t i o n  of  a n  
a n a l o g o u s  p r o d u c t  o r  t e c h n o l o g y  and  is 
t h e r e f o r e  less l i k e l y  t o  be u s e f u l  f o r  
p i o n e e r i n g  t e c h n o l o g i e s .  
ESTIMATED YEARLY AND ACCUMULATED SALES 
Al lowing  f o r  t h e s e  l i m i t a t i o n s  oE t h e  method,  
a  l o g i e t i c  c u r v e  was f i t t e d  t o  t h e  h i s t o r i c a l  
p a t t e r n  of  s a l e s  of  c o n v e n t i o n a l  c e n t r a l  a i r  con- 
d i t i o n i n g  s y s t e m s .  T a b l e  7 d e s c r i b e s  t h e  d i f f u s -  
i o n  p a t t e r n  t h a t  f i t s  t h e  h i s t o r i c a l  d a t a .  T h i s  
d i f f u s i o n  p a t t e r n  was used i n  T a b l e  7 t o  e s t i m a t e  
t h e  e x p e c t e d  u n i t  sales by y e a r  f o r  r e s i d e n t i a l  
c o o l  s t o r a g e  s y s t e m s .  T h i s  c u r v e  assumes  t h a t  
t h i s  t echnology  is i n t r o d u c e d  t o  t h e  marke t  p l a c e  
i n  1990.  The f i r s t  f u l l  y e a r  o f  sales is 1991.  
The e s t i m a t e d  a n n u a l  u n i t  s a l e s  f o r  t h i s  t e c h n o l o g y  
i n  1995 ,  2000,  2005,  and 2010 a r e  a p p r o x i m a t e l y  
60 ,000 ,  150 ,000 ,  300 ,000 ,  a n d  500 ,000  u n i t s  p e r  
y e a r ,  r e s p e c t i v e l y .  
ESTIMATED SALES BY STATE 
The economic c o s t  model d e v e l o p e d  f o r  t h i s  
a n a l y s i s  e s t i m a t e d  t h e  u n i t  sales f o r  t h i s  t echno-  
l o g y  by state. T a b l e  8 d e s c r i b e s  t h e  s t a t e s  t h a t  
a r e  e x p e c t e d  t o  have t h e  l a r g e s t  u n i t  s a l e s  o f  
t h i s  t e c h n o l o g y .  The states t h a t  a r e  a n t i c i p a t e d  
t o  have  t h e  g r e a t e s t  u n i t  s a l e s  a r e  T e x a s ,  F l o r i d a ,  
G e o r g i a ,  L o u i s i a n a ,  Nor th  C a r o l i n a ,  Oklahoma, Ari- 
zona,  Alabama, T e n n e s s e e ,  and North C a r o l i n a .  It 
is a p p a r e n t  t h a t  t h e  n e a r l y  a l l  sales o f  t h i s  t e c h -  
no logy  w i l l  b e  c e n t e r e d  o v e r  t h e  h o t  and  humid 
e o u t h e r n  t i e r  s t a t e s  i n  t h e  U.S. 
CONCLUSIONS AND RECOMMENDATIONS 
The o b j e c t i v e  oE t h i s  s t u d y  was t o  e s t i m a t e  
t h e  m a r k e t  p o t e n t i a l  and  e x p e c t e d  m a r k e t  p e n e t r a t i o n  
f o r  r e s i d e n t i a l  c o o l  s t o r a g e  t e c h n o l o g y .  T h e r e  
w i l l  b e  l i t t l e  demand f o r  r e s i d e n t i a l  c o o l  s t o r a g e  
u n t i l  u t i l i t i e s  o f f e r  s u f f i c e n t  i n c e n t i v e s  t o  
T a b l e  7 ,  P r o j e c t e d  N a t i o n a l  Y e a r l y  S a l e s  and Cumu- 
l a t i v e  S a l e s  f o r  S i n g l e - F a m i l y  R e s i d e n t i a l  
- 
Cool S t o r a g e  U n i t s  
Year 
-
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4 1 5  
460  
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P r o j e c t e d  
C u m u l a t i v e  
S a l e s ( a )  
( a )  A l l  u n i t s  are i n  t h o u s a n d s  
D i f f u s i o n  
P a t t e r n  
0 . 0 3  
0.04 
0 .05  
0 . 0 6  
0 .07  
0 .08  
0.09 
0 .10  
0 .12  
0 .14  
0 . 1 6  
0 . 1 8  
0 . 2 1  
0 .24  
0 .27  
0 . 3 0  
0 .34  
0 . 3 8  
0 .42  
0 . 4 6  
m o t i v a t e  homeowners t o  p u r c h a s e  t h e s e  u n i t s .  S e v e r a l  
f a c t o r s  w i l l  i n f l u e n c e  t h e  l i k e l y  marke t  p e n e t r a t i o n  
o f  r e s i d e n t i a l  c o o l  s t o r a g e :  t h e  c o o l i n g - d e g r e e -  
day  r e q u i r e m e n t s  o f  a r e g i o n ,  t h e  time-of-day rate 
d i f f e r e n t i a l  c h a r g e d  t o  h o u s e h o l d s ,  p r i c e  r e b a t e s  
o f f e r e d  t o  e n c o u r a g e  p u r c h a s e  of  t h e s e  u n i t s ,  t h e  
f i r s t  c o s t  o f  t h e  p r o d u c t ,  a n d  whether  t h e  c o o l  
s t o r a g e  u n i t  is b e i n g  i n s t a l l e d  i n  a new o r  e x i s t i n g  
home. 
MARKET POTENTIAL 
Market  p o t e n t i a l  is d e f i n e d  a s  t h e  number o f  
c u s t o m e r s  who m i g h t  be  a b l e  t o  b e n e f i t  f rom t h e  
u s e  of  a p r o d u c t .  F o r  t h i s  s t u d y ,  m a r k e t  p o t e n t i a l  
was d e f i n e d  a s  t h o s e  h o u s e h o l d s  t h a t  would t y p i c a l l y  
p u r c h a s e  e i t h e r  c e n t r a l  a i r  c o n d i t i o n i n g  u n i t s  o r  
h e a t  pump s y s t e m s  f o r  t h e i r  s i n g l e - f a m i l y  d w e l l i n g s .  
Market  p o t e n t i a l  e s t i m a t e s  f o r  e a c h  of  t h e  f o u r  
y e a r s  u s e d  i n  p r o j e c t i o n s  i n c l u d e d  new h o u s i n g  
c o n s t r u c t i o n  p e r  y e a r  a s  w e l l  a s  e s t i m a t e s  of  c e n t r a l  
a i r  c o n d i t i o n i n g  re t ro f ' i t s /modi f ica t ions  i n  e x i s t i n g  
h o u s i n g .  The e s t i m a t e s  of  m a r k e t  p o t e n t i a l  were 
as f o l l o w s :  
1995 2 , 0 5 0 , 0 0 0  u n i t s  
2000 2 , 1 5 0 , 0 0 0  u n i t s  
2005 2 ,240 ,000  u n i t s  
2010 2 , 3 3 0 , 0 0 0  u n i t s  
MARKET PENETRATION 
T h i s  s t u d y  found t h a t  i n c e n t i v e s  mus t  v a r y  
d r a m a t i c a l l y  by r e g i o n  f o r  r e s i d e n t i a l  c o o l  s t o r a g e  
u n i t s  t o  b e  e c o n o m i c a l l y  c o m p e t i t i v e  t o  c e n t r a l  a i r  
c o n d i t i o n i n g  u n i t s .  Assuming a $2000 d i f f e r e n t i a l  
p r i c e  f o r  r e s i d e n t i a l  c o o l  s t o r a g e  u n i t s ,  a TOD 
r a t e  d i f f e r e n t i a l  o f  o n l y  $0.075/kWh would be 
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T a b l e  8,  Annual S ingle -Fami ly  R e s i d e n t i a l  Cool S t o r a g e  S a l e s  by S t a t e  Us ing  a  
Mandatory Time-of-Day R a t e  D i f f e r e n t i a l  of  $O.lO/kWh 
E v e n t u a l  
TES Sys tem 
Average Replacement 
Coolinn-Degree- 1995 2000 2005 2010 of C e n t r a l  
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M i s s i s s i p p i  
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1 ,000  
1 0 , 0 0 0  
6 0 , 0 0 0  
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38,000 
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8 , 0 0 0  
6 , 0 0 0  
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5 , 0 0 0  
5 , 0 0 0  
4 , 0 0 0  
4 , 0 0 0  
4 , 0 0 0  
3,000 
3 , 0 0 0  
1 8 , 0 0 0  
l5O,OOO 
S a l e s  
79 ,000  
5 7 , 0 0 0  
1 8 , 0 0 0  
1 7 , 0 0 0  
1 3 , 0 0 0  
1 3 , 0 0 0  
1 1 , 0 0 0  
1 0 , 0 0 0  
9 , 0 0 0  
9 .000  
8 , 0 0 0  
8 .000  
8 , 0 0 0  
7 , 0 0 0  
7 , 0 0 0  
26 ,000  
300 ,000  
S a l e s  
135 ,000  
9 5 , 0 0 0  
3 0 , 0 0 0  
25 ,000  
20 ,000  
20 ,000  
1 5 , 0 0 0  
1 5 , 0 0 0  
l5,OOO 
15,000 
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
10,000 
1 0 , 0 0 0  
65 ,000  
5OO,OoO 
















( a )  T h i s  a n a l y s i s  assumed t h a t  r e s i d e n t i a l  c o o l  s t o r a g e  u n i t s  a r e  i n t r o d u c e d  i n t o  t h e  m a r k e t  p l a c e  
sometime d u r i n g  1990.  The f i r s t  f u l l  y e a r  o f  s a l e s  a r e  1991 .  
r e q u i r e d  a t  2000 cool ing-degree-days  (65-degree 
b a s e )  t o  make r e s i d e n t i a l  c o o l  s t o r a g e  e c o n o m i c a l l y  
c o m p e t i t i v e  t o  c e n t r a l  a i r  c o n d i t i o n i n g .  A t  1000 
cool ing-degree-days ,  a TOD rate d i f f e r e n t i a l  o f  
a p p r o x i m a t e l y  $0.15/kWh would b e  r e q u i r e d  t o  make 
r e s i d e n t i a l  c o o l  s t o r a g e  e c o n o m i c a l l y  c o m p e t i t i v e  
t o  c e n t r a l  a i r  c o n d i t i o n i n g .  Another o p t i o n  a t  
1000 cooling-degree-days is t o  o f f e r  a $O.lO/kWh 
TOD r a t e  d i f f e r e n t i a l  w i t h  a  $1000 r e b a t e  t o  make 
r e s i d e n t i a l  c o o l  s t o r a g e  u n i t s  e c o n o m i c a l l y  compe- 
t i t i v e  t o  c e n t r a l  a i r  c o n d i t i o n i n g .  R e s i d e n t i a l  
c o o l  s t o r a g e  u n i t s  a r e  n o t  e c o n o m i c a l l y  c o m p e t i t i v e  
a t  500 cool ing-degree-days .  Very e x t r e m e  p r i c e  
i n c e n t i v e s  would have  t o  b e  o f f e r e d  t o  make resi- 
d e n t i a l  c o o l  s t o r a g e  u n i t s  e c o n o m i c a l l y  c o m p e t i t i v e  
w i t h  c e n t r a l  a i r  c o n d i t i o n i n g .  T h i s  would r e q u i r e  
a  $0.20/kWh TOD p r i c e  d i f f e r e n t i a l  a n d  a $1000 
p r i c e  r e b a t e .  
An economic c o s t  model was used  t o  e s t i m a t e  
t h e  e v e n t u a l  marke t  p e n e t r a t i o n  of  r e s i d e n t i a l  
c o o l  s t o r a g e  u n i t s .  T h i s  model d e t e r m i n e d  t h a t  
t h e  f i n a l  marke t  p e n e t r a t i o n  w i l l  v a r y  d r a m a t i c a l l y  
depending on  t h e  p r i c e  i n c e n t i v e s  t h a t  a r e  o f f e r e d .  
Under t h e  most l i k e l y  s c e n a r i o ,  a  $O.lO/kWh TOD 
rate d i f f e r e n t i a l  was used  t o  d e r i v e  a n  estimate 
o f  f i n a l  m a r k e t  p e n e t r a t i o n .  T h i s  a n a l y s i s  esti- 
mated t h a t  r e s i d e n t i a l  c o o l  s t o r a g e  u n i t s  would 
e v e n t u a l l y  c a p t u r e  a b o u t  one-ha l f  o f  t h e  c e n t r a l  
a i r  c o n d i t i o n i n g  marke t .  
ESTIMATED UNIT SALES 
Under t h e  a s s u m p t i o n  t h a t  t h e  above  c o n d i t i o n s  
a r e  met ,  t h i s  s t u d y  e s t i m a t e d  f u t u r e  u n i t  sales 
f o r  t h i s  t e c h n o l o g y .  These  e s t i m a t e s  were based  
on  an h i s t o r i c a l  a n a l o g y  t o  t h e  d i f f u s i o n  t i m e  
r e q u i r e d  f o r  t h e  p e n e t r a t i o n  o f  c e n t r a l  A/C u n i t s .  
The e s t i m a t e d  u n i t  sales f o r  t h e  f o u r  t a r g e t  y e a r s  
are a p p r o x i m a t e l y  as f o l l o w s :  
1995 6 0 , 0 0 0  u n i t s  
2000 1 5 0 , 0 0 0  u n i t s  
2005 300 ,000  u n i t s  
2010 500,000 u n i t s  
The l a r g e s t  m a r k e t s  f o r  t h i s  t e c h n o l o g y  would i n c l u d e  
Texas and F l o r i d a .  
F i n a l l y ,  t h e  a u t h o r s  recommend t h a t  a  more 
comprehens ive  consumer r e s e a r c h  s t u d y  be conducted  
t o  estimate t h e  l i k e l y  m a r k e t  p e n e t r a t i o n  o f  resi- 
d e n t i a l  c o o l  s t o r a g e  u n i t s .  T h i s  s t u d y  h a s  f o c u s e d  
o n  t h e  economic f a c t o r s  t h a t  w i l l  be r e q u i r e d  t o  
make t h i s  t e c h n o l o g y  a t t r a c t i v e  t o  r e s i d e n t i a l  
h o u s e h o l d s .  T h i s  assumes  t h a t  h o u s e h o l d s  are o n l y  
m o t i v a t e d  by economic f a c t o r s  i n  t h e  p u r c h a s e  o f  
t e c h n o l o g y .  I n  r e a l i t y ,  t h i s  is n o t  t r u e .  The 
p u r c h a s e  o f  a  complex d u r a b l e  good is based  on 
m u l t i p l e  p r o d u c t  f e a t u r e s .  I s s u e s  o f  c o m f o r t ,  
e a s e  o f  u s e ,  and  d u r a b i l i t y  w i l l  l i k e l y  h a v e  a 
s i g n i f i c a n t  i m p a c t  on  t h e  f i n a l  m a r k e t  s h a r e  o b t a i n e d  
by t h i s  t e c h n o l o g y .  T r a d e o f f  a n a l y s i s  m e t h o d o l o g i e s  
used  i n  consumer r e s e a r c h  s h o u l d  be  used  w i t h  t h i s  
t e c h n o l o g y  t o  d e v e l o p  more p r e c i s e  estimates o f  
t h e  p r o b a b l e  f i n a l  p e n e t r a t i o n  o f  r e s i d e n t i a l  c o o l  
s t o r a g e  u n i t s .  
The r e s e a r c h e r s  a l s o  recommend t h a t  h o u r l y  
electric power consumpt ion  p a t t e r n s  f o r  r e s i d e n t i a l  
c e n t r a l  a i r  c o n d i t i o n i n g  be s t u d i e d .  The c u r r e n t  
l a c k  o f  u n d e r s t a n d i n g  r e g a r d i n g  consumpt ion  by 
i n d i v i d u a l  r e s i d e n c e s ,  t h e  c o i n c i d e n c e  o f  demand 
by m u l t i p l e  r e s i d e n c e s ,  a n d  t h e  c o i n c i d e n c e  o f  
demand f o r  a i r  c o n d i t i o n i n g  w i t h  t o t a l  u t i l i t y  
demand a r e  f a c t o r s  t h a t  make it  d i f f i c u l t  t o  s p e c i f y  
t h e  i m p a c t  o f  r e s i d e n t i a l  c h i l l  s t o r a g e  on  u t i l i t y  
demand. 
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